are understood, the interplay between parallel modes of regulation is relatively 122 unknown. S. pombe, contains both TORC1 and TORC2 complexes (Petersen, 123
2009). 124
In the current study, we have used molecular cell biological, biochemical and 125 single molecule techniques to help identify and characterise a novel TORC2 126 phosphorylation-dependent system for regulating calcium-dependent switching 127 of different calmodulin light chain(s) binding to the neck region of Myo1. We 128 have established the contribution that each calmodulin plays in regulating this 129 conserved motor protein and how they affect the conformation of the myosin 130 lever arm. We propose a concerted mechanism of regulation by both calcium 131 and phosphorylation that controls motility and function of Myo1 in response to 132 signals controlling cell cycle progression. 133
Results

134
Fission yeast myosin-1 is phosphorylated within the IQ neck domain. 135
Analysis of extracts from exponentially growing fission yeast cells indicates its 136
sole class I myosin, Myo1, is subject to multiple phosphorylation events (Figure 137 is lower than reported in an earlier study (Sirotkin et al, 2010) perhaps due to 216 differences in imaging techniques, as TIRF imaging illuminates the specimen 217 to a depth of ~100nm whereas confocal imaging would extend to > 400nm). 218
The duration (Tdur) of endocytic events (measured as described in the Methods) 219 was 13.84 s +/-0.39 (mean +/-SEM, n=50) ( Figure 3C ) and while there was 220 significant variation in the maximum mNeongreen.Myo1 intensity (2373 +/-221 155), there was no correlation between maximum intensity and event duration 222 ( Figure 3D ). Fluorescence intensity dynamics of Cam1.GFP during endocytic 223 events were similar to mNeongreen.Myo1, but Tdur was significantly shorter (P 224 <0.0001), 10.99 s +/-0.21 (n=52) while the peak intensity was roughly double 225 that measured for mNeongreen.Myo1 and equivalent to ~ 90 GFP molecules 226 ( Figure 3E ) consistent with Cam1 occupying both IQ sites within the Myo1 neck 227 region. The briefer event duration observed for Cam1 might be explained by 228
Cam1 dissociating from Myo1 before Myo1 leaves the endocytic patch. This 229 idea was confirmed using two-colour imaging of mNeongreen.myo1 230 cam1.mCherry cells which showed Myo1 and Cam1 arrived simultaneously at 231 the endocytic patch, but Cam1.mCherry disassociated ~3 s before 232 mNeongreen.Myo1 ( Figure 3F, S2) . 233
Analysis of Myo1 and Cam1 dynamics in myo1.S742A cells during endocytosis 234 revealed Myo1 S742A had average assembly/disassembly rates and plateau 235 intensity identical to wild type Myo1, but Tdur was 1.5 sec shorter (12.3s +/-0.31 236 n=67) ( Figure 3G & S2) . Consistent with the in vitro data, the myo1.S742A 237 mutation did not impact on the ability of Cam1 molecules associating at both IQ 238 motifs, as average assembly/disassembly rates, and plateau intensity for Cam1 239 were the same in both wild type and myo1.S742A cells. However, we found 240 that Myo1 S742A and Cam1 proteins disassociated simultaneously and somewhat 241 earlier during the endocytic event in this strain. 242
These TIRF imaging data were consistent with widefield 3D-timelapse imaging 243 that showed lifetimes of Myo1 and Cam1 foci were shorter in myo1.S742A cells 244 when compared to myo1 + ( Figure 3H ). In contrast, while the myo1.S742A allele 245
did not affect accumulation of Cam2 or LifeACT to sites of endocytosis ( Figure  246 3I), the rate of endocytosis differs between old end and new ends of myo1-247 S742A cells compared to wild type ( Figure 4A ). Therefore, while Myo1 Off -NETO) there is a transition to a bipolar growth (Mitchison & Nurse, 1985) . 257
This cell cycle switch in growth pattern correlates precisely with a parallel 258 redistribution of endocytic actin patches (Marks & Hyams, 1985) . As the 259 myo1.S742A allele only affected actin dynamics at the old cell end during 260 bipolar growth we examined whether this post-translational modification was 261 subject to cell cycle dependent variance. Analysis of extracts from cell division 262 cycle mutants arrested in G1 (cdc10.v50 cells) or late G2 (cdc25.22 cells) 263 
Myo1. 344
In vitro analysis revealed two Cam2 molecules can associate with the 345 Cam2 is unable to associate with IQ2 alone, as it is necessary for one 442 calmodulin to occupy IQ1 in order for a second to bind to IQ2. This switch in 443 light chain occupancy may provide a mechanism to change the stiffness of the 444 Myo1 neck region (i.e. the "lever arm") and thereby modulate the movement 445 and force it produces during the acto-myosin ATPase cycle and/or the load-446 sensitivity of its actin-bound lifetime. 447
While Myo1 is capable of associating with phospholipid membranes via its 448
Plekstrin Homology (PH) domain, in vivo data suggests that this alone is not 449 sufficient to enable a stable interaction at the plasma membrane ( Figure 8A) . 450
The build-up of the early endocytic markers, such as Pan1 or Sla1, are 451 necessary to catalyse its nucleation to early endocytic patches allowing Myo1 452 foci to form at the site of membrane invagination. This is consistent with our 453 observation that once initiated, Myo1-Cam1 foci do not collapse, but go on to 454 complete the endocytic event ( Figure 8B ) (Sun et al, 2015; Barker et al, 2007) . 455
Similarly, the size of this early marker "patch" has a direct impact upon the 456 number of Myo1 molecules recruited to the plasma membrane, which is 457 consistent with the role of Pan1 in enhancing the Arp2/3 actin nucleating activity 458 of myosin-1 foci in yeast (Barker et al, 2007) . 459
The local concentration of Myo1 at the endocytic patch appears critical, rather 460 than the absolute number of Myo1 molecules, as the latter does not affect the 461 duration of the Myo1 driven event. Indeed the duration of Myo1's residency at 462 the plasma membrane is driven by Cam1 and phosphorylation regulated neck The number of Myo1 molecules at the plasma membrane foci remains constant, 479 as the membrane is internalised, until 2 seconds after Cam1 disassociates from 480 Myo1 ( Figure 8F ). While the trigger for Cam1 release is unknown, the rapid 481 ensemble nature of the event indicates it is likely to be initiated by a rapid 482 localised spike in calcium. This could perhaps be driven by a critical level of 483 membrane deformation coupled to calcium influx -similar to processes 484 proposed for mechano-transduction and the role of mammalian myosin-1 within 485 the stereocilia of the inner ear (Adamek et al, 2008; Batters et al, 2004 , release normally from myosin-1 (Geiser et al, 1991) . Research 489 using mammalian brush border myosin-1, indicates that changes in lipid 490 composition of membranes to which the motor is associated are sufficient to 491 displace calmodulin from the IQ region (Hayden et al, 1990) . 
500
( Figure 3B ), lack of association with actin would mean that Myo1 would leave 501 the endocytic patch a second or so after losing its Cam1 light chain. Together 502 these events account for the 2 sec delay between disappearance of Cam1 and 503
Myo1 from the membrane. The same drop in tension at the plasma membrane 504 could provide the signal for scission of the endosome (Palmer et al, 2015) . 505
The conformation and rigidity of the Myo1 lever arm would therefore play a key 506 role in modulating the tension sensing properties of the motor domain. This is 507 consistent with our data, where wild type phosphorylatable Myo1 resides at the 508 membrane ~1.8 sec longer than unphosphorylated Myo1 S742A ( Figure S2 ). would therefore persist significantly longer at the endocytic foci, as observed 517 here ( Figure 7E ). These changes in lever arm properties change the overall 518 rate of endocytosis, as observed in differences for actin labelled endosomes to 519 internalise ( Figure 4A) . 520
Thus phosphorylation-dependent changes in the calcium regulated 521 conformation and rigidity of the myosin lever arm could provide a universal 522 mechanism for regulating the diverse cytoplasmic activities and functions of 523 myosin motors within all cells. 524 525
Materials and Methods 526
Yeast cell culture: Cell culture and maintenance were carried out according to 527 (Moreno et al, 1991) using Edinburgh minimal medium with Glutamic acid 528 nitrogen source (EMMG) unless specified otherwise. Cells were cultured at 25 529 ºC unless stated otherwise and cells were maintained as early to mid-log phase 530 cultures for 48 hours before being used for analyses. Genetic crosses were 531 undertaken on MSA plates (Egel et al, 1994) . All strains used in this study were 532 prototroph and listed in Supplementary Table 1 . were generated as described previously using appropriate template and 560 primers (Bähler et al, 1998 
°C). The resultant pellet was resuspended in Buffer 582
A, heated to 80 °C for 5 minutes and denatured proteins removed by 583 centrifugation (16,000 RCF; 5 min). His-tagged proteins were purified in native 584 conditions using prepacked, pre-equilibrated 5ml Ni 2+ columns. 585
Fast reaction kinetics: All transient kinetics were carried out using a HiTech 586
Scientific DF-61 DX2 Stopped Flow apparatus (TgK Scientific, Bradford-upon-587 Avon, UK) at 20ºC. All data was acquired as the average of 3-5 consecutive 588 shots and analysed using the KineticStudio software supplied with the 589 equipment. Quin-2 fluorescence was excited at 333 nm and used a Schott 590 GG445 cut off filter to monitor fluorescence above 445 nm. IAANS (2-(4'-591 (iodoacetamido)anilino)-naphthalene-6-sulfonic acid) was excited at 335 nm 592 and fluorescence was monitored through a GG455 filter. For the FRET 593 measurements, CyPet was excited at 435 nm and YPet emission was 594 monitored through a combination of a Wrattan Gelatin No12 (Kodak) with a 595 Schott GG495 nm filter to monitor fluorescence at 525-530 nm. 596
Fluorescence spectra: Emission spectra were obtained using a Varian Cary 597
Eclipse Fluorescence Spectrophotometer (Agilent Technologies, Santa Clara, 598 CA) using a 100 µl Quartz cuvette. For FRET measurements samples were 599 excited at 435 nm (CyPet excitation) and emission was monitored from 450 -600 600 nm with both slits set to 1 nm. Affinity experiments were carried out using so that individual traces could be averaged. To facilitate this, the rising and 645 falling phases of the intensity trace were fitted with a straight line (60 data 646 points, 3 sec duration), see Figure 3C for example. The intercept of this line 647 with the baseline intensity gave the tstart and tend values and event duration 648 (Tdur = tend -tstart) (see Figure 6A ). Intensity traces for each given condition were 649 synchronised to the starting point (tstart) and averaged (except Cam2-GFP 650 traces which were synchronised using tstart measured from simultaneously 651 acquired Cam1-mCherry signal). Similarly, traces were synchronised to their 652 end point (tend) and averaged. The mean duration of the events (Tdur) for each 653 condition was then used to reconstruct the mean intensity changes with 654 calculated errors for event amplitude and timing (Table 2) 
